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Abstract: The amount of fumes and gasese in plasma cutting
opaeraticns depends on dry or wet cutting, cutting speed, plate
thickness, alloy contents, design of cutting table, choice of gas
and ventilation conditions. A "comparable" mathod haa baen used
to measure in an exhaust channal the total emission of airbornae
fumea and nitrogen oxides in different cutting teste. HNoisa
levels ware also detarmined.
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Emission of fume, nitrogen oxides and noise in
plasma cutting of stainless and mild steel

Bernt von Bromssen, The Swedish institute of Preducuon Engineenng Research
Linnéa Lillienberg, Department of Occupational Medicine, Sahlgren Hospital
Niklas Frijd, The Swedish Institute of Production Engineering Research

The amount of fumes and gases in plasma cuming operations depends on dry or wel cutung, cutting
speed, plate thickness, alloy contents, design of culting wble, choice of gzt and ventilagon
conditions. A “comparable™ method has becn psed o measure in an exhaust channel the 1ol
emission of wrborme fumes and nivogen axides in different cucting wests,

Cutting tests were performed in B mm thick mild stes] with air and oxygen as plasma gases and in
8 and 35 mm thick swinless sieel with air and nitrogen as plasma pases. All cutting wests used 2
current of 200 Ampere and air as shielding gas. The cutting speed vaned berween 2.7 mémin and
4.3 mimin for 8 mm plate thickness and from 0.3 to 0.45 m/min for 35 mm thickness. All cutiing
tests were repeated 2 or 3 times with measurements of fumes and nitrogen oxides.

Three different cuning techniques were usad:

Dry cutting

Semidry cutung (water about 50 mm under the plae)
Wet cutting (the bumer 70 mm below the water surface}

Emission of flumes Emisaion of nitfregen oxides

100 4 b=

50f=-

Cry  Samidry ‘Wl Ory Samudry ‘Wel

The investigation showed that the thres differsnt cullng techniques gave a constant ratio between
the amount of emitted fumes of 100: 10:1 (dry = 10D, semidry = 10, wet = 1), Similarly there
WS 3 conslant rauo between the amount of emjned nitrogen oxides of 4:2:] for dry, semidry and
wel culting. These relationships are valid both for mild and stunless steel.
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Emixdon of fumes io plasma cutting of mild and stainless steel n

Material, thicknrss

Dry
(g/min)

Semidry
(g/min)

M

Wet
(g/min)

Mild st==l, 8 mm 20 - 26 2.0-40 0.1-04
Swminless steel, 8 mm a0 - 40 JE-46 02-05
Stainless stee=l, 35 mm 1.8 - 3.4 0,1-03 0,02

IEE Laa Sl o F _wiasa It Eles e LP—r =T (IR L PR s T R

The emiysion of fumes in B mm thick mild st==| and & mm stainless steel were about the same, In

45 mm stainless stexl the cmission of fumes were sbout 10 Hmes lower, at the same Gme as the
cutung speed was about 10 times jower. The components in fumes from mild steel were metwt
oxides with 67 - 73 % iron. 2 - 10 % manganese and capper from not detectable o 1,4 %,
Chromium, nickel and molybdenum were in mosi samples not detectable. The mewl conents in
stainless steel cutting varied for iron between 38 - 44 %, chromium 12 - 20 %, nickel 4 - B %,

(uncerain figures manganess 4 -

10%, copper 2 - 6 % and up 10 1 % molybdenum). The

compositon was about the sane independent of plasma gas, plate thickness and cutting speed.

Dry cutting in mild steei with axygen as plasma gas gave an emission of fumes 25 % Jower com-

pared (o ar as plasma gas.

=i
Emission of fumes expressed as % of the tatal amount of material removed by curting
Material, thickness, cutting spesd Dry Semidry We
. (%) (%) (%)
m
Mild steel, 8 mm, 3.5 m/min 5,0 0.5 0,05
S1ainless ste=l, B mm. 3.5 m/min 7.0 0.7 o.o7
Stainless sieel, 35 mm, 0,375 mimin 1,0 0.1 ]
v e
== SN e e T

The cutting kerf widih in 4 mm plate thickness was 2 - 3 mm and 3 - 4 mm in plate thickness of
35 mm. The amount of emitted fumes expressed as % of the wotal amount of material removed by
CuLling can bee seen in the able above. For dry cutting in B mm plale thickness about 95 % of the
material removed by cuning will remain in the cutling wble. The corresponding amount for wet

cutung in 35 mm thick swainless sicel will be 99 08 &
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Exposure measurements of fume, gases and noise

Exposurc measurements of fumes, gases and noisc in plasma cutting in stainless steel were
performed at a company with two plasma cuing tables in the size of |E * 4 m. The cutting was
carried out semidry with the water level 25 mm below the plae ‘s lower surface. Measurements
were performed in three curang penods dunng a wial dme of 3,5 hours,

Respirable and towml concentration of fumes were below the exposure limit values for fume in the
exposure measurements. During 1.5 hours of intensive cutting at one of the cuming machines the
concenurations of chromium and nickel on the operatar caceeded the exposure limit values. At the
same tme culling at the other machine gave the operator a 50 % lower exposure level of
chromium and nickel although cutting conditions were equivalent. The differences probably depend
on the operators position related (o the plasma torch and on draught in the local envirenment,

which affects the direction of the plume of fume, rather than minor differences in marenal and
plasma gases.

Exposure mensurements of nitrogen dioxides showed relative low exposure levels. The highest
level 0,4 ppm was measured an the operator who also wai exposed o the highest levels of
chromium and nickel. With a direct reading instrument 2 ppm nitrogen dioxide was measured for

shon periods in the operators breathing zone. Ozon and carbon monoxide were in all wesis close o
2570,

The sound pressure level at the place of the operator was for semidry cutting in %0 mm thick
stainiess steel 108 dB{A) with a broadband spectrum without any elements of pure tones. The
upper band of frequencies daminated the dB(A) value.

The sound pressurg level at the place of the opermor for semidry cutting in 10 mm thick stanless
steel was 107 dB(A). Personal exposure messurements for a period of 1% hour showed a mean
value of 98 dB(A) for the operator. The background noise varied between 68 and 85 dB(A).

Although the measurements were not performed during a whele working shifi and therefore not

can be campared to the exposure limil values, the results indicate that some actions should be
taken in order 10 decreass the exposure levels,

Afer this measuremnent the company has installed an exhaustng device close w the torch and slots
exhausting devices under the poral girder on the machine where the higheat exposure levels were

measured, On the other plasma machine the walls al the cutting table have been raised in order 1©
perform wet curting.
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Emlszion of oilrogen oxides -l

Materisl, thickness Dry
. {L'min})
mﬂd steel, 8 mm 44-55 |24-11

0.5- 1,6
Stainless secl, §mm__ 4,1-54 [2.2-2.7 [09- 14 |

Stinless steel, 35 mm 710-78 [3,2-486 |1,7- 2,2 I
R L

The amount of emined nitrogen ozides increased with increasing thickness of plate. Cutting in
35 mm stainless steel incremsed the emission almost twicr compared 1o cutting in steet of 8 mm
thickness. The emission of nitrogen dioxide (NO.) was about 7 - B % of the mial emission of
nitrogen oxides (NO and NOL), Dry plasma cutming in sinless sweal with nitrogen as plasma gas
gave 20 % lowes emission of nitrogen oxides compared 1o when air was used,

A few samples of the fume have besn analysed for size distribution in a scanning electron
micToscope, Even if each particle was small, < < ! gm, most of the particles agpregated to
bigger units. In semidry cutting those Aggrepgates seamed Lo create regularly spheres with a
diameter of about 11 gm. In dry curting the aggregales were bigger, while wet culting gave
aggregates of more irregular form and a diameter less than |0 uwm.

fass =r=u _—___-__'-____ﬁ
Emission of nolse
Cutting technique Water level above the plate (mm)
= - S—
Dry - 250
Semudry - 4% 103
Semidry - 2% 103
Semidry 0 100
Wet + 25 92
Wet + 50 TH
Wy . +_‘.|'5 . AR ".:I .

Wet curing considerably decreased the emission of noige compared o dry cutting. A reduction of
the sound pressure (noise level} with 30 - 40 dB({A) was possible for the region of high
frequencies, where the sound pressure seemed 1o be very irritatng. The water level should be at
lenst 75 mm above the plate in order 1o Eive this redueton,

B
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